INTRODUCTION
Assessments of road safety based on records of traffic accidents have been conducted for many years.
These studies aim to provide a diagnosis of the road safety situation of an area or the whole country.
They are also used for benchmarking or comparing the safety situation between countries.
In most countries, reports produced in such studies are routinely prepared by road authorities or the police, typically every year. They provide an overview of the road safety situation in the area under consideration using descriptive statistics. The reports also identify time trends and specific problems, such as the situation of vulnerable road users (VRU). However, the results of these studies are biased due to the well-known problems with police accident data, namely underreporting and inaccurate injury severity classification (see e.g. [10] ). Despite that, traffic accident statistics give a good indication of the road safety situation and should form the basis of any safety assessment.
The problems of assessing road safety of VRUs using accident data have been examined by the authors within European research project InDeV (In-Depth understanding of accident causation for Vulnerable road users). One of the aims of the project was to determine the gaps in the existing databases and to propose possible measures to improve the quality of accident data. It is hoped that this will help to explain some inconsistencies in fatality and injury numbers in different countries and to enhance our ability to formulate appropriate policies and programmes for improving VRU safety. This paper presents the results of the first part of project InDeV [21] and is organised as follows: section 2 presents literature review on issues related to accident data quality; section 3 provides an overview of international databases; section 4 contains statistics of VRU accidents in the European Union (EU) countries to highlight problems with data quality; section 5 presents results of the survey conducted among partners of project InDeV and section 6 shows conclusions.
PROBLEMS WITH ACCIDENT DATA QUALITY

TYPES OF DATA PROBLEMS
It is a basic fact that high-quality information on road accidents, fatalities and injuries is a prerequisite for safety assessment and the development of effective safety improvement programmes. Yet the quality of accident data poses multiple problems which have been reported and analysed in many studies e.g. [5] , [24] , [25] . Virtually every country or territory collects data on road accidents from reports recorded by the police. Over the years, the systems of data collection and processing have developed in each country independently and hence the major differences between these systems.
According to a report on the SAU project [5] , the differences in the numbers and types of accidents included in different databases stem from the differences in the following aspects:
x Traffic accident definitions assumed by the national/local administration, x Normative criteria used for including accidents in the database and classifying them by type,
x Real practice of the persons in charge of data recording and processing.
The three issues listed above contribute to the following problems with data quality and reliability in national road accident databases:
x Underreporting of accidents by the police,
x Misclassification of injury severity,
x Inaccurate or erroneous data,
x Incomplete or missing data.
In its document [9] , the European Commission (EC) states that the total number of people seriously injured in road traffic is likely to be substantially higher than currently reported. The reason for this is that transport accident databases lack relevant and comparable data on serious injuries. There are two main problems: the lack of common definitions and the widespread underreporting and misreporting. In road safety data, the severity of an injury is sometimes defined on the basis of medical classifications and sometimes in terms of the long-term effects of the injury. Often, it is defined by the actual length of hospital stay.
In-depth accidents investigations [12] are very useful methods to supplement the missing data in national databases gathered by the police. The newest example of this type of analysis is the Study on Serious Road Traffic Injuries in the EU [1].
DEFINITION OF A ROAD ACCIDENT
The definition of an Injury Road Accident that has commonly been adopted in Europe [8] is that it is an incident on a public road that involves at least one moving vehicle and at least one casualty (person injured or killed). Thus, property damage only crashes are not considered "accidents" and in some 
2.3.UNDERREPORTING
All three problems listed in section 2.1 contribute to the underreporting of accidents by the police.
Misreporting and underreporting are largely due to the fact that in most EU countries, the national road traffic injury databases are based only on police reports [9] . However, the police are not called to every traffic accident and cannot be expected to perform a medical assessment; their diagnosis is only a rough on-the-spot estimate. This initial assessment by the police is not always checked against subsequent medical reports about injury severity. The serious problem of underreporting, especially among cyclists has been mentioned in many studies, e.g.
[15], [17] .
Alsop and Langley [2] examined police reporting rates of motor vehicle accident victims in New Zealand. They concluded that less than two-thirds of hospitalised accident victims were recorded by the police and that the reporting rate was higher for car occupants than for motorcyclists. The authors also found that the reporting rate was positively correlated with injury severity as measured by the AIS score. In a similar study in France [3] which was based on a large sample of almost 60 thousand road accident casualties, the average reporting rate was only 38%. The study confirmed that underreporting varied with injury severity and road user type. Cyclist victims have the lowest probability of being police-reported, followed by pedestrians and motorcyclists. Thus, it can be concluded that police records are generally biased against VRU victims.
Because of the incompleteness of police databases, the records collected by the police are being combined with hospital records in some countries, e.g. in Sweden (the STRADA system). The results of a German study on bicycle accidents [14] confirmed the need for this approach. The number of bicycle accidents in Münster, where bicycle is the main transport mode, was nearly two times higher after the police accident database was combined with hospital data.
An international study [22] looked at the frequency of single-bicycle accidents in different countries.
It was found that an average of 17% (between 5% and 30%) of cyclist fatalities are caused by singleuser accidents. However, among the cyclist victims admitted to hospitals or treated in emergency departments, most (between 60% and 95%) are the result of single-bicycle crashes.
INCOMPLETE AND INACCURATE DATA
Several epidemiological studies associated with VRU safety, e.g. [23] , [6] , [19] , pointed to the limitations of large accident databases maintained by the police, which usually do not contain important information, such as the speeds of the colliding vehicles and the exact location of the accident.
Another problem indicated by Chung and Chang [6] is the possibility of human error when police officers complete accident reports at the site of the accident and transfer the data to the electronic database. Several studies have been conducted in relation to this problem [4] , [6] , [7] , [16] . Most errors in police reports occur when filling in information about accident location [16] . According to [6] , the use of vehicle black boxes (VBB) in accident data collection has great potential to enrich police records and provide information such as time, the GIS-based location of the accident and vehicle speed.
A study by Tsui et al. ( cited in [17] ) examined the issue of classification of injury severity in traffic accidents in Hong Kong. The study concluded that only 5.15% (36 out of 699 cases) of serious accidents among cyclists are properly classified by the police. Some injuries are reported as serious although they are really not and vice versa. Another study [11] has indicated that only around 70% of all serious injuries are actually reported.
INTERNATIONAL ACCIDENT DATA SOURCES
Community database on Accidents on the Roads in Europe (CARE) is a European road accident database hosted by the European Commission. The major difference between CARE and most other existing international databases is the high level of data disaggregation. All EU countries are obligated to provide information about road accidents to the European centralised database. The following classes of information are collected [8] : road user type (driver, passenger, pedestrian), gender, age group, vehicle group, area type, motorway, junctions, accident type, lighting conditions, weather conditions, time of accident. Not all of the data categories are provided by all countries. In most EU countries there is a lack of detailed information about the collision type (manoeuvres), there are also different subcategories of junction type.
CARE was created with the goal of harmonising accident information across Europe to make international comparisons more meaningful and to enable accurate benchmarking. Because of the disparate definitions in the CARE database and in national databases, EU countries apply transformation rules to harmonise the data. Despite that, differences remain regarding data quality, resulting in the incomparability of national datasets. For example, the definition criteria used to classify injury severity vary from country to country and only fatalities can be used with confidence in safety analyses when comparing the situation in EU countries. The CARE definitions are presented below [8] :
x Injury Road Accident -incident on a public road involving at least one moving vehicle and at least one casualty (person injured or killed);
x Fatally injured -death within 30 days of the road accident, confirmed suicide and natural death are not included;
x Injured -the road user was seriously or slightly injured (but not killed) in the road accident;
x Seriously injured -injured (although not killed) in the road accident and hospitalized for at least 24 hours;
x Slightly injured -injured (although not killed) in the road accident and hospitalized less than 24 hours or not hospitalized;
x Not injured -person participating in the accident although not injured.
The Common Accident Dataset (CADaS) was developed to provide a common framework for road crash data collection in Europe. The implementation of this common dataset should help countries to improve and standardise their own road accident databases [26] . The scope of the CARE database 
SAFETY OF VULNERABLE ROAD USERS IN SELECTED EU COUNTRIES
As part of the InDeV project, statistical analyses of accident data were carried out with the aim of determining the scale of VRU safety problems and identifying typical locations and situations where most VRU accidents. This was done with respect to different VRU user groups: pedestrians, cyclists, motorcyclists and moped riders. The analysis was based on data from the CARE database and covered the seven InDeV partner countries: Belgium, Denmark, Germany, the Netherlands, Poland, Spain and Sweden as well as the whole European Union (EU28). Data from the five-year period [2009] [2010] [2011] [2012] [2013] were analysed (2013 was the latest year for which all the data were available in CARE).
Accident data for all EU28 countries show a decreasing trend in the numbers of fatally and seriously injured VRU (Fig. 2) . Similar trends can be observed in most of the seven InDeV countries, with some exceptions:
x Denmark, where in 2013 (compared to 2012) the number of fatally injured VRU increased, while the number of seriously injured decreased (Fig. 3 );
x The Netherlands, where from 2009 to 2013 the number of fatally injured VRU decreases a little but the number of seriously injured has a huge drop for 3 years and then an increase (Fig. 4 );
x Spain, where in 2011 (compared to 2010) we see a drop in the number of fatally injured VRU but an increase in the number of seriously injured (Fig. 5) .
By contrast, the data for Poland (Fig. 6) show a consistent decreasing trend in both fatalities and seriously injured. It is not known what are the reasons for these differences. Possible reasons are unusual weather conditions, safety improvement measures but also underreporting or misreporting of injury severity. These could also be due to changes in the procedures of gathering and processing of accident data.
In order to compare the safety situation in countries of different size, fatality and injury rates can be calculated. These are expressed as the number of fatalities or injuries per million population per year.
Comparison of fatality data for the 7 InDeV countries shows that ( Fig. 7 ):
x Poland has the highest fatality rate for pedestrians with an extremely high value of 33.7
fatally injured/year/million population 7 ;
x The highest fatality rates for cyclists occur in the Netherlands (8.3) and Poland (7.9);
x The highest moped riders' fatality rates occur in the Netherlands (2.4) and Denmark (2.3);
x The highest fatality rate for motorcyclists occurs in Belgium (10). Comparison of serious injury data for the 7 InDeV countries shows that ( Fig. 8 ):
x The two highest serious injury rates for pedestrians occur in Germany (97 injuries/year/million population) and in Poland (89 injuries/year/million population);
x Germany has the highest serious injury rate for cyclists with an extremely high value (166);
x The highest and extremely high serious injury rate for motorcyclists also occurs in Germany (113).
x The highest serious injury rate for moped riders occurs in Denmark (52).
For some countries there is a large disproportion between fatality and serious injury rates. Based on fatality rates (Fig. 7) , the safety situation of pedestrians and cyclists is the worst in Poland (among the 7 countries analysed). But looking at the serious injury rates (Fig. 8) it is Germany where the worst situation occurs for pedestrians, cyclists and motorcyclists. Another way to look at these differences is to calculate the ratios of seriously injured and slightly injured to fatally injured. Table 1 presents these ratios for the 7 countries as well as for EU28. In Poland, these ratios both for seriously and slightly injured are much lower than the European average which could mean two things: either very high accident severity (a high proportion of accident victims are killed) or serious underreporting of injury accidents. The opposite is true for Germany -the ratios in Table 1 are much higher than European average. A possible explanation is that the accident reporting is accurate and even very slight injuries are reported. Another big problem in comparing the road safety situation in different countries is the missing data.
For example, in the CARE database, for accidents with VRU victims, there is no information about:
x Junction control type: Germany (100% unknown), Sweden (94%), Poland (82%), Netherlands (81%), Denmark (70%), Spain (54%);
x Weather conditions: Germany (47% unknown), Sweden (43%), Poland (19%);
x Light conditions: Netherlands (56% Unknown);
x Speed limits: Spain (100% unknown), Germany (60%), Sweden (18%).
The main challenges associated with dataset analysis and with the identification of the most dangerous locations for VRU safety in the EU are the differences in data quality between countries and the lack of detailed information about accidents involving VRU. Large differences in numbers of accidents, accident rates and lack of some categories of variables in CARE are the reason that the results of this analysis are questionable. Therefore, identifying the road safety problems and meaningful comparative analysis is very often impossible.
In order to clarify these problems with CARE data for different countries a questionnaire survey was conducted in the 7 InDeV countries.
INDEV QUESTIONNAIRE SURVEY ON DATA QUALITY
One of the aims of the project was to assess the quality and availability of accident and injury data with relevance to VRU safety problems. The questionnaire survey on accident data quality was designed to examine accident data collection procedures and database creation and the methods of their verification in each partner country as well as to identify the gaps in the currently used methodology and data.
The questionnaire was sent to all InDeV partners in Europe. The key issues taken into account in the questionnaire-based survey included data comparability among the countries involved in the project and data accuracy and credibility. The complete questionnaire on accident data quality is provided in appendix to the project report [21] . Table 2 and Table 3 In Belgium, police officers assess the injuries/the severity of injuries based on the length of hospital stay. If the injured person stays longer than 24h in hospital they are treated as seriously injured. There are independent research bureaus that compare police data with hospital data in order to assess the MAIS3+ (Maximum Abbreviated Injury Scale 3 or more) injury level for victims. In Denmark, the definition of an injured person describes a person with injuries for which medical treatment or hospitalization is normally required. Persons with lesser wounds, minor cuts and bruises
are not recorded as injured. The distinction between those seriously and slightly injured is based on the type of injury. The police officers assess the injuries/the severity of injuries based on an on-site assessment and on the doctor's opinion. The Danish national database is not suitable for analysis of VRU safety in terms of data completeness due to significant underreporting.
In Germany, the police do not asses injuries but use the information from the medical services or the road users involved in accidents. Injury severity is assessed based on the CARE definition. The following methods are used as part of the quality control of the computer database: cross-checking of information consistency and completeness and plausibility checks.
In the Netherlands, road accident/injury accident is an incident on a public road that is traffic-related, inflicts damage to objects or injury to persons and involves at least one moving vehicle. "Injured" is a person that was physically harmed in a traffic accident while "seriously injured" is the road user who was hospitalized and treated in a Dutch hospital and has an AIS (Abbreviated Injury Scale) score The information obtained through the InDeV questionnaire survey can be summarised as follows:
x Even in the case of the fundamental definition of "road accident/injury accident", the definitions used by some countries (e.g. the Netherlands and Sweden) differ slightly from the standard used in the CARE database.
x Data on fatalities are quite comparable between the InDeV partner countries. According to the CARE glossary, a fatally injured person is one who dies on the spot or within 30 days of the accident. However, the CARE definitions of injury severity are applied only in Belgium, Germany and Spain.
x In all of the InDeV partner countries, accident data are collected on a paper form and transferred to a computer database. The information on crash severity is gathered from the ambulance (Belgium, Denmark, Germany, Spain), emergency room (Denmark, Germany, Poland, Sweden), other hospital departments (Germany and Sweden) and the road users involved in the accidents (Germany, the Netherlands, Spain). In the case of fatalities, the information about the accident is provided to the police by the judicial services in Belgium.
x Apart from Spain, the information about victims' injuries is verified on the basis of information from hospital departments. The waiting time for the police check of the information on crash severity is not specified in Belgium. In Denmark, the verification is performed once a year by way of comparing the registry of injured road users with the registry of deceased persons in the case of road fatalities. In Germany, it depends on the necessity for police investigation procedures. In Poland, the information about victims is verified twice: on the day of the accident and 30 days after the accident. The verification of data in Sweden is performed automatically via the STRADA database, which links the police database with hospital registries.
x It is acknowledged that there is a large data gap in the Netherlands because the police do not register all traffic accidents, especially injuries. The actual number of victims is estimated by combining different databases.
x Most countries have various classification criteria of injury severity such as the doctor's opinion (Denmark, Poland, Spain) and the length of hospital stay (Belgium). In Germany, the classification is based on CARE definitions. The AIS classification is used in the Netherlands and Sweden. None of the countries stated that they applied the MAIS3+ scale which is now recommended by the EC.
x In almost all InDeV partner countries, data quality control is carried out after data is transferred to a computer database; in Spain it is performed while filling out the paper form. Cross-checking for consistency of information is used in Denmark, Germany (also completeness and plausibility checks), Spain and Sweden (between police records and hospital records).
x Studies on the underreporting of road accidents have been performed and are available in most InDeV partner countries (except Spain); those associated with VRU accidents: in Denmark, Germany, the Netherlands and Sweden.
x The police accident databases are compared with hospital databases in Belgium (by research bureaus), Denmark (as part of research projects), the Netherlands and Sweden (the STRADA system) and with the databases maintained by municipalities in Spain.
x In all countries except for the Netherlands, national databases are suitable for VRU safety analyses.
The reliability of data was confirmed by almost all countries. The data on VRU victims is not complete in Belgium and Poland. In the Netherlands, there is a large gap in accident data.
CONCLUSIONS
The literature review presented in this paper and the responses to the InDeV survey on accident data quality allow us to formulate the following general conclusions:
x Despite efforts to harmonise the definitions of injury accidents and their severity at the European and global levels, differences exist both in the definitions and their interpretation.
x Even in the case of the fundamental definition of "road accident/injury accident", the definitions used by some countries differ slightly from the CARE standard. Data on fatalities are quite comparable between the InDeV countries: the 30-day road fatality definition is used. CARE definitions of injury severity are applied in only 3 out of 7 countries.
x There are also considerable differences between countries in terms of accident data collection and data verification procedures resulting in varying levels of underreporting of the various accident categories. A new initiative is required to harmonise the data collection systems and procedures.
x The European CARE database was developed with a comprehensive structure and scope of information as defined in the CADaS glossary. The great advantage of using CARE for safety research is that it is a disaggregate database. However, the guidelines on the scope of data to be provided are not followed by all countries. For example, information on the accident type and vehicle manoeuvres are generally not provided. The possibilities of safety analysis would be greatly improved if the guidelines were followed by all countries.
Several recommendations for improving VRU safety assessment can be put forward:
x Single pedestrian accidents constitute a sizeable part of injury accidents but are not included in databases based on police reports. It is recommended to include this additional category in VRU safety assessment studies as well as in the economic calculations of total accident costs.
x The definition of personal injury is not clear, consistent or harmonised between EU-countries and there is a "grey area" between "slight injury" and "property damage only" accidents. Since the occurrence of an "injury" is one of the preconditions to classify a collision as an accident, a clear definition of injury is needed.
x To improve the quality of accident data recorded by the police, these should be complemented with data registered by hospitals. Guidelines for the integration of police and medical data based on best practices (e.g. the STRADA system in Sweden) would be very useful.
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